We present here additional results of a spectropolarimetric survey of a small sample of stars ranging from spectral type M0 to M8 aimed at investigating observationally how dynamo processes operate in stars on both sides of the full convection threshold (spectral type M4).
INTRODUCTION
Activity and magnetic fields are ubiquitous to cool stars of all spectral types (e.g., Saar & Linsky 1985; Donati et al. 1997) . The analogy with the Sun suggests that these fields are produced through dynamo mechanisms operating in a thin interface layer at the base of the convective envelope, where angular rotation gradients are strongest. Starting from a weak poloidal configuration, differential rotation progressively winds the field around the star, building a strong toroidal belt at the base of the convective zone; cyclonic turbulence then restores a weak poloidal field (with a polarity opposite to that of the initial one) once the toroidal field has grown unstable (Parker 1955) . However, there is still considerable controversy (even for the Sun itself) on how and where exactly the field is amplified and on which physical processes (differential rotation, meridional circulation) are mainly controlling the magnetic cycle (e.g., Charbonneau 2005) .
Observing stars other than the Sun is of obvious interest for this question as they provide a direct way of studying how dynamo processes depend on fundamental stellar parameters such as mass (and thus convective depth) and rotation rate. In this respect, low-mass fully-convective stars are particularly interesting as they host no interface layer (where dynamo processes presumably concentrate in the Sun), and nevertheless show both strong magnetic fields (e.g., Johns-Krull & Valenti 1996) and intense activity (e.g., Delfosse et al. 1998) . Many theoretical models were proposed to attempt resolving this issue (e.g., Durney et al. 1993; Dobler et al. 2006; Browning 2008) but observations of the large-scale magnetic fields at the surfaces of fullyconvective stars, and in particular of their poloidal and toroidal components, are still rare.
Thanks to time-resolved spectropolarimetric observations of cool stars, we are now able to recover information on how magnetic fields distribute at (and emerge from) the surfaces of cool active stars (e.g., Donati et al. 2003a) . With the advent of new generation instruments optimised in this very purpose (ESPaDOnS at the 3.6m CanadaFrance-Hawaii Telescope and NARVAL at the 2m Télescope Bernard Lyot in France, Donati 2003) , this technique can now be also applied to faint M dwarfs. The first attempt focussed on the fully-convective rapidly-rotating M4 star V374 Peg and revealed that, against all theoretical expectations, fully-convective M dwarfs are apparently very efficient at producing strong large-scale mainly-axisymmetric poloidal fields (Donati et al. 2006a ) despite very small levels of differential rotation. A follow-up study confirmed this point and further demonstrated that the magnetic configuration of V374 Peg is apparently stable on timescales of ≃ 1 yr (Morin et al. 2008a) .
To investigate this issue in more details, we embarked in a spectropolarimetric survey of a small sample of M dwarfs, located both above and below the full-convection threshold (corresponding to a mass of 0.35 M⊙ and to a spectral type of M4). The first results of this survey, focussing mainly on active M4 dwarfs, confirms the results obtained on V374 Peg and demonstrate that strong large-scale mainlyaxisymmetric poloidal fields are indeed fairly common in fully-convective mid-M active dwarfs (Morin et al. 2008b, hereafter M08) . In this new paper, we present the results for the 6 early M dwarfs that we observed in this survey, namely DT Vir, DS Leo, CE Boo, OT Ser, GJ 182 and GJ 49, with spectral types ranging from M0 to M3 (see Table 1 ). After briefly describing the observations and the magnetic modelling method that we use, we detail the results obtained for each star and discuss their implication for our understanding of dynamo processes in cool active stars.
OBSERVATIONS
Spectropolarimetric observations of the selected M dwarfs were collected with NARVAL and the 2m Télescope Bernard Lyot (TBL), between 2007 Jan and 2008 Feb (in 3 different runs). NARVAL is a twin spectropolarimeter copied from ESPaDOnS (Donati 2003) , yielding full coverage of the optical domain (370 to 1000 nm) at a resolving power of about 65 000 in a single exposure. Each polarisation exposure consists of 4 individual subexposures taken in different polarimeter configurations and combined together to filter out all spurious polarisation signatures at first order (e.g., Donati et al. 1997) .
Data reduction was carried out using Libre ESpRIT, a fully automated package/pipeline installed at TBL and performing optimal extraction of unpolarised (Stokes I) and circularly polarised (Stokes V ) spectra as described in Donati et al. (1997) . The peak signal-to-noise ratios (S/N) per 2.6 km s −1 velocity bin that we obtained in the collected spectra range from 100 to 400 depending on the magnitude and weather conditions. The journal of observations for all stars is presented in Tables 2 to 7. All spectra are automatically corrected from spectral shifts resulting from instrumental effects (eg mechanical flexures, temperature or pressure variations) using telluric lines as a reference. Though not perfect, this procedure allows spectra to be secured with a radial velocity (RV) precision of better than 0.030 km s −1 (e.g., Moutou et al. 2007 ). Least-squares deconvolution (LSD, Donati et al. 1997) was applied to all spectra to extract the polarisation signal from most photospheric atomic lines and compute a mean Zeeman signature corresponding to an average photospheric profile (centred at 700 nm and with an effective Landé factor of 1.2). The line list used in this process is derived from an Atlas9 local thermodynamic equilibrium model (Kurucz 1993) matching the properties of our sample, and includes about 5,000 moderate to strong atomic lines (i.e., with a relative depth larger than 40% prior to any macroscopic broadening). The resulting multiplex gain in S/N is about 15 (see Table 2 ). Zeeman signatures are detected in most cases on all stars. Radial velocities are obtained from Gaussian fits to all LSD unpolarised profiles. Average unpolarised LSD profiles of all stars are shown in Fig. 1 . Table 1 . Fundamental parameters of our sample early-M dwarf stars. Columns 1 to 6 respectively list the name, the spectral type, the mass M⋆ (derived from the Hipparcos distance and the J, H and K magnitudes using the mass-luminosity relations of Delfosse et al. 2000 except for GJ 182; for which we used the evolutionary models of Baraffe et al. 1998, see text) , the logarithmic bolometric luminosity log L bol (derived from the mass and the models of Baraffe et al. 1998) , the logarithmic relative X-ray luminosity log R X (i.e., log L X /L bol , from Kiraga & Stepien 2007 or from the NEXXUS data base, Schmitt & Liefke 2004 , or from Wood et al. 1994 for GJ 49), the projected rotation velocity (this paper, accuracy ≃ 1 km s −1 ), the rotation period (this paper), the convective turnover time τc (from Kiraga & Stepien 2007) , the effective Rossby number Ro = Prot/τc, the radius R⋆ (predicted by the theoretical models of Baraffe et al. 1998 ) and the assumed inclination angle of the rotation axis to the line-of-sight (this paper). Table 2 . Journal of observations for DT Vir=GJ 494A. Columns 1-7 list the UT date, the heliocentric Julian date, the UT time, the total exposure time, the peak signal to noise ratio (per 2.6 km s −1 velocity bin) and the rms noise level in the LSD Stokes V profile (relative to the unpolarised continuum level and per 1.8 km s −1 velocity bin). In col. 8 and 9, we list the rotational cycles (using ephemeris HJD= 2, 454, 100.0 + 2.85E) as well as the longitudinal fields B ℓ (with error bars) and the radial velocities vr (absolute accuracy 0.10 km s −1 , internal accuracy 0.03 km s −1 ) associated to each exposure. 
MAGNETIC MODELLING
The magnetic model we use to describe the time series of rotationally modulated LSD Stokes V profiles is described in M08. We recall it briefly here and refer the reader to M08 for further details.
To describe the magnetic field, we use the same description as Donati et al. (2006b) . The field is decomposed into its poloidal and toroidal components, both expressed as spherical harmonics expansions. The imaging process is based on the principles of maximum entropy image reconstruction, with entropy (i.e., quantifying the amount of re- constructed information) being calculated from the coefficients of the spherical harmonics expansions. Starting from a null magnetic field, we iteratively improve our magnetic model by comparing the synthetic Stokes V profiles with the observed ones, until we reach an optimal field topology that reproduces the data at a given χ 2 level (i.e., usually down to noise level, corresponding to a unit reduced χ 2 level χ 2 ν = 1). The inversion problem being partly ill-posed, we use the entropy function to select the magnetic field with lowest information content among all those reproducing the data equally well. Given that most stars considered here rotate no more than moderately, we limit spherical harmonics expansions to ℓ < 10, usually up to 8 for moderate rotators (e.g., DT Vir) and up to 5 only for the slower ones. In all cases (even the slowest rotators), we need to set ℓ > 3 to reproduce successfully the data at noise level.
To compute the synthetic profiles corresponding to a given magnetic topology, we divide the surface of the star into a grid of elementary surface cells (typically 5,000), in which the 3 components of the magnetic field (in spherical coordinates) are estimated directly from the spherical harmonics expansions used to describe the field. Using UnnoRachkovsky's equations (e.g., Landi degl'Innocenti 1992), we compute the contribution of each grid cell to the Stokes V profiles and integrate all contributions from the visible stellar hemisphere at each observed rotation phase. The free parameters in Unno-Rachkovsky's equations (describing the shape of the unpolarised line profile from a non-magnetic grid cell) are obtained by fitting the Stokes I LSD profiles of a very-slowly rotating and weakly active star of similar spectral type (e.g., GJ 205).
Reproducing both the amplitude and shape of LSD Stokes V profiles in the particular case of stars with strong fields and sharp lines requires that we introduce a filling factor (called f ) describing the fractional amount of flux producing circular polarisation (assumed constant over the whole star). At first glance, this may seem in contradiction with the fact that we are mostly sensitive to large-scale fields, i.e., fields whose spatial coherency is much larger than the size of our grid cells; however, large-scale fields can potentially be also structured on a small-scale, e.g., with convection compressing the field into a small section of each cell but keeping the flux constant over the cell surface. We suspect that this is the case here. In practice, it means that the circularly polarised flux that we get from each grid cell is given by f V loc where V loc is the Stokes V profile derived from Unno-Rachkovsky's equations for a magnetic strength of B/f . In practice, this simple model ensures that both the width and amplitude of Stokes V signatures can be fitted simultaneously; typical values of f range from 0.10 to 0.15 in active mid-M dwarfs with sharp lines (M08). For stars rotating more rapidly and/or hosting intrinsically weak fields, different values of f produce very similar fits and undistinguishable magnetic flux maps, in which case we arbitrarily set f = 1. This model has proved rather successful at reproducing the observed times series of Stokes V profiles in mid-M dwarfs (M08) and classical T Tauri stars (Donati et al. 2008) ; we therefore use it again for the present study. We can also implement differential rotation for computing the synthetic Stokes V profiles corresponding to our magnetic model. For this purpose, we use a Sun-like surface rotation pattern with the rotation rate varying with latitude θ as Ωeq − dΩ sin 2 θ, Ωeq being the angular rotation rate at the equator and dΩ the difference in angular rotation rate between the equator and the pole. By carrying out reconstructions (at constant information content) for a range of Ωeq and dΩ values, we can investigate how the fit quality varies with differential rotation; differential rotation is detected when the χ 2 of the fit to the data shows a well defined minimum in the explored Ωeq-dΩ domain, with the position of the minimum and the curvature of the χ 2 surface at this point yielding the optimal Ωeq and dΩ values and respective error bars (Donati et al. 2003b ).
DT VIR = GJ 494A = HIP 63942
DT Vir is a magnetically active M0.5 dwarf showing significant rotational broadening in spectral lines (v sin i ≃ 10 km s −1 , Beuzit et al. 2004 ); photometric variability suggests a short rotation period Prot of about 2.9 d in good agreement with its membership to the young galactic disc (Kiraga & Stepien 2007) . The Hipparcos distance is 11.43 ± 0.20 pc. It belongs to a distant binary system with an astrometric period of about 14.5 yr (Heintz 1994) and a semimajor axis of 5-6 AU; the companion is about 4.4 magnitudes fainter in K and is either a very-low-mass star or a young brown dwarf (Beuzit et al. 2004 , depending on the exact age of the system). Using the mass-luminosity relations of Delfosse et al. (2000) , we estimate that the mass of DT Vir is 0.59 ± 0.02 M⊙. Given v sin i and Prot, we infer that R⋆ sin i is about 0.6 R⊙, i.e., already 10% larger than the radius expected from theoretical models (see Table 1 ); we therefore set i = 60
• in the imaging process (the result being weakly sensitive to variations of i of ±10
• ). Stokes V data were collected at 2 epochs, providing only moderate coverage of the rotation cycle at the first epoch but a dense and redundant coverage at the second epoch (see Table 2 ). Stokes V signatures are clearly detected at all time, eventhough the corresponding longitudinal fields are usually low (ranging from -30 G to 70 G), much lower than those reported on mid-M dwarfs in particular (M08). The projected rotation velocity that we derive from the Stokes I profiles is v sin i = 11 ± 1 km s −1 , in good agreement with the estimate of Beuzit et al. (2004) . The RV we measure are different at both epochs, equal to −13.25 km s −1 and −13.68 km s −1 respectively (with an absolute accuracy of about 0.10 km s −1 ); this difference likely reflects the binary motion. Moreover, the relative dispersion about the mean RV, respectively equal to 0.14 km s −1 and 0.07 km s −1 , is larger than the internal RV accuracy of NARVAL (about 0.03 km s −1 , e.g., Moutou et al. 2007 ) and likely reflects the intrinsic activity RV jitter of DT Vir; in 2007 (i.e., when the internal RV dispersion is largest), we find that RVs correlate reasonably well with longitudinal fields, suggesting that the RV fluctuations are indeed due to the magnetic activity. Given the moderate strength of the field and the significant rotational broadening of DT Vir, there is no need of adjusting f to optimise the fit quality.
Assuming solid body rotation, we find that the rotation Kiraga & Stepien 2007) . The photospheric shear of DT Vir is very similar to that of the Sun, with the equator lapping the pole by one rotation cycle every 105 ± 10 d.
The optimal maximum entropy fit to the Stokes V data that we obtain (including the effect of differential rotation) is shown in Fig. 2 and corresponds to χ 2 ν = 1, i.e., to a χ 2 ν improvement over a non-magnetic model of ×31 and ×22 for each epoch respectively. The reconstructed magnetic maps are shown in Fig. 3 . As obvious from Fig. 3 , the magnetic topologies we derive contain a significant amount of toroidal field (62% and 47% of the reconstructed magnetic energy in 2007 and 2008 respectively); at both epochs, the reconstructed toroidal field shows up as a ring of counterclockwise field encircling the whole star. The poloidal field is more complex, especially in 2008 when more than 50% of the reconstructed poloidal field energy concentrates in orders with ℓ > 3 (with dipole modes containing only 10%). The intrinsic evolution of the large-scale field topology between 2007 and 2008 is straightforwardly visible in the image, especially on the poloidal field component whose spatial structure was much simpler in 2007 (64% of the poloidal field energy in dipole modes). At both epochs, the reconstructed poloidal field is mostly non axisymmetric (less than 20% of the energy concentrating in m < ℓ/2 modes). This information is summarised in Table 8 .
DS LEO = GJ 410 = HD 95650 = HIP 53985
DS Leo is a single M0 dwarf with sharp spectral lines, located at an Hipparcos distance of 11.66 ± 0.18 pc from the Sun. Its RV is equal to −13.90 ± 0.10 km s −1 (Nidever et al. 2002) . Photometric variability was studied by Fekel & Henry (2000) who detected cyclic variability at periods of 13.99 d and 15.71 d on different observing seasons and interpreted it as caused by stellar rotation (about 14 d) coupled to surface differential rotation (modulating the observed photometric period as spots migrate to different latitudes). Using the mass-luminosity relations of Delfosse et al. (2000) , we estimate that the mass of DS Leo is 0.58 ± 0.02 M⊙, i.e. very similar to that of DT Vir. The large amplitude rotational modulation that we observe for Stokes V profiles suggest that the inclination angle is not small; we therefore set i = 60
• in the following imaging process.
Stokes V data were collected at 2 epochs (same runs as for DT Vir, see Table 3 ), providing again partial coverage of the rotation cycle at the first epoch but a dense and redundant coverage at the second epoch. Stokes V signatures are detected in almost all spectra, with longitudinal fields never exceeding strengths of 35 G. The RV we measure (−14.05 ± 0.10 km s −1 at both epochs, with an internal dispersion of 0.03 km s −1 ) is in reasonbly good agreement with that of Nidever et al. (2002) . The rotational broadening of DS Leo is small, only slightly larger than that of GJ 205 (having v sin i = 1.0 − 1.5 km s −1 , Reiners 2007); using v sin i = 2 ± 1 km s −1 provides a good fit to the Stokes I profiles and is compatible with the radius expected from theoretical models (0.52 R⊙, see Table 1 ), the rotation period of Fekel & Henry (2000) and the inclination angle we assumed (i = 60
• ). As for DT Vir, we do not need to use f for modelling the profiles of DS Leo.
The solid-body-rotation period providing the best fit to the data is close to 14 d at both epochs; we therefore used it to phase all spectra. As for DT Vir, the B ℓ curve in the 2008 data is showing apparently discrepant points for spectra collected at nearby phases but different cycles (e.g., Jan 03 and Feb 14, at rotation cycles 26.336 and 29.328) as a likely result of the presence of surface differential rotation. This is confirmed by the fact that the full Stokes V 2008 data set cannot be fitted down to χ 2 ν = 1 when assuming solid body rotation. Proceeding as for DT Vir, we obtain that Ωeq = 0.465 ± 0.004 rad d The optimal maximum entropy fit to the Stokes V data that we obtain (including the effect of differential rotation) is shown in Fig. 4 and corresponds to χ 2 ν = 0.9, i.e., to a χ 2 ν improvement over a non-magnetic model of ×15 and ×8 for each epoch respectively. The reconstructed magnetic maps are shown in Fig. 5 .
The magnetic topologies we derive are predominantly toroidal (more than 80% of the reconstructed magnetic energy at both epochs), with the reconstructed toroidal field showing up as a ring of clockwise field encircling the star. The poloidal field is much simpler than that of DT Vir (partly because of the lower spatial resolution resulting from the smaller v sin i) and consists mostly in a dipole (containing more than 50% of the poloidal field energy) evolving from a mainly axisymmetric to a mainly non-axisymmetric configuration between 2007 and 2008. Eventhough the fractional energy stored in the various field components re- mained grossly stable (see Table 8 ), the magnetic topology underwent significant temporal evolution between both epochs, e.g., with the toroidal field ring showing 2 extrema across the star in 2007 while it only shows one in 2008.
CE BOO = GJ 569A = HIP 72944
CE Boo is a young and active M2.5 dwarf with sharp spectral lines, located at an Hipparcos distance of 9.81 ± 0.16 pc. It is the brightest member of a multiple (possibly quadruple) system with an estimated age of only ≃ 100 Myr (Simon et al. 2006) . The companions are located about 5 ′′ (i.e., 50 AU) away and consist of at least a brown dwarf binary and possibly even a triple. Using the massluminosity relations of Delfosse et al. (2000), we estimate a mass of 0.48 ± 0.02 M⊙. The current RV is equal to −7.21 ± 0.10 (Nidever et al. 2002) . From photometric variability, Kiraga & Stepien (2007) find that the rotation period is 13.7 d; this is surprisingly long for a star as young as CE Boo, even longer than the average period for M dwarfs of the young galactic disc (whose age is typically a few Gyr, Kiraga & Stepien 2007) . The activity of CE Boo is slightly larger than that of DS Leo (but smaller than that of DT Vir, see Table 1 ), in agreement with what is expected for a star with a similar period and a later spectral type. The sharp lines of CE Boo also argue in favour of the slow rotation.
Stokes V data were collected in early 2008 only, with a rather dense coverage of the rotation cycle (see Table 4); Stokes V signatures are detected at all times, with longitudinal fields ranging from -50 G and -120 G and evolving smoothly with rotation phase. The RV we measure (−7.34 ± 0.10 km s −1 , with an internal dispersion of 0.03 km s −1 ) agrees with that of Nidever et al. (2002) . The rotational modulation of the Stokes V profiles are reminiscent of those of AD Leo (M08), suggesting that the star is not seen equator on; the relative fluctuations of the longitudinal fields are however about twice larger than those of AD Leo, indicating that i is not as low as 20
• (as for AD Leo). We chose i = 45
• as a an intermediate value. The rotational broadening in the spectral lines of CE Boo is small, comparable to that of DS Leo; using the radius expected from theoretical models (0.43 R⊙, see Table 1 ), the rotation period of Kiraga & Stepien (2007) and the inclination angle we assumed (i = 45
• ), we find (and used) v sin i = 1 km s −1 . Conversely to the 2 previous stars, we have to assume f = 0.05 (smaller than the usual value for mid-M dwarfs, see M08) to obtain a χ 2 ν = 1 to the Stokes V profiles.
The solid-body-rotation period providing the best fit to the Stokes V data is equal to 14.7 d, which we used to phase all our spectra. This is slightly longer than the period found by Kiraga & Stepien (2007) , suggesting that CE Boo is also subject to differential rotation (as DT Vir and DS Leo) with at least dΩ = 0.03 rad d −1 (assuming our period yields the rotation rate at the pole and the period of Kiraga & Stepien 2007 traces the rotation rate at the equator). Proceeding as above, we obtain no clear minimum in the Ωeq-dΩ domain, indicating that our data are not suitable for measuring differential rotation; this is not too surprising given the fairly simple rotational modulation of the Stokes V profiles and its moderate amplitude. We therefore assumed that CE Boo rotates as a solid-body in the following; very similar results are obtained if assuming that CE Boo is hosting differential rotation similar to that of DT Vir and DS Leo. The optimal maximum entropy fit to the Stokes V data that we obtain is shown in Fig. 6 and corresponds to χ 2 ν = 1, i.e., to a χ 2 ν improvement over a non-magnetic model of ×35. The reconstructed magnetic map is shown in Fig. 7 . The magnetic topology we derive is almost completely poloidal, with less that 10% of the reconstructed energy concentrating into the toroidal component (see Table 8 ); the poloidal field is quite simple (93% of the energy in the ℓ ≤ 2 modes) and mostly axisymmetric (96% of the energy in m < ℓ/2 modes).
OT SER = GJ 9520 = HIP 75187
OT Ser is an active M1.5 dwarf with spectral lines showing significant rotational broadening. Located at an Hipparcos distance of 11.39 ± 0.25 pc, it has no identified companion (Daemgen et al. 2007, Forveille private communication) . Using the mass-luminosity relations of Delfosse et al. (2000) , we estimate a mass of 0.55 ± 0.02 M⊙. Two discrepant rotation periods, both estimated from photometric variability, are reported in the literature; while Norton et al. (2007) find Prot = 3.38 d, Kiraga & Stepien (2007) obtain Prot = 0.37 d. Given the estimated radius of OT Ser (about 0.5 R⊙, see Table 1), the second period would imply an equatorial velocity of almost 70 km s −1 , much larger than the observed width of spectral lines; the rotation period of Norton et al. (2007) is thus much more likely to be the correct one. The solid-body-rotation period providing the best fit to the data is equal to 3.40 d at both epochs; we used it to phase all our data (see Table 5 ). This period is close to but slightly different than that of Norton et al. (2007) , suggesting that OT Ser is also differentially rotating. Fitting our 2008 Stokes V data further confirms that OT Ser is not rotating as a solid body; with the same procedure as above, we obtain that Ωeq = 1.88 ± 0.01 rad d −1 and dΩ = 0.12 ± 0.02 rad d −1 , i.e., that the rotation periods at the equator and the pole are respectively equal to 3.34 d and 3.57 d. The photospheric shear of OT Ser is thus apparently even stronger than that of DT Vir and DS Leo, with the equator lapping the pole by one cycle every 52 +11 −7 d. The optimal maximum entropy fit to the Stokes V data that we obtain (including the effect of differential rotation) is shown in Fig. 8 and corresponds to χ 2 ν = 1, i.e., to a χ 2 ν improvement over a non-magnetic model of ×23 and ×19 for 2007 and 2008 respectively. The reconstructed magnetic maps are shown in Fig. 9 . Although both maps show a similar large-scale topology (e.g., same latitudinal dependence of field polarities for all components), differences are nevertheless obvious; for instance, the ring of positive radial field encircling the star at mid latitudes shows a prominent blob at phase 0.0 in 2008 (causing the large-amplitude longitudinalfield modulation observed at this epoch).
The magnetic topologies we derive are dominantly poloidal, with about 20-30% of the reconstructed energy concentrating into the toroidal component; the poloidal field is mostly axisymmetric and includes a significant dipole component at both epochs (see Table 8 ).
GJ 182 = HIP 23200
GJ 182 is a very young single M0.5 dwarf of the IC 2391 supercluster located at an Hipparcos distance of 26.7 ± 1.7 pc. The star is surrounded by a massive debris disk indicating on-going planetary formation (Liu et al. 2004) , further demonstrating that it is indeed very young. Its position in the HR diagram (about 0.5 mag above the main sequence) is in agreement with the age of its young moving group (about 35 Myr, e.g., Montes et al. 2001) . Using the evolutionary models of Baraffe et al. (1998) and matching them to an absolute V magnitude and a logarithmic luminosity (relative to the Sun) of 7.94 and −0.83 respectively, we find that GJ 182 has a mass of 0.75 M⊙, a radius of 0.82 R⋆, a temperature of 3950 K and an age of 25 Myr; this is what we assume in the following. The high lithium content of GJ 182 suggests that the star is even younger, possibly as young as 10-15 Myr (Favata et al. 1998 ) as evolutionary models predict that lithium should be already strongly depleted at 20 Myr (Favata et al. 1998 ). Effects of rotation and magnetic fields on the stellar structure and on the evolution (e.g., Chabrier et al. 2007 , not taken into account in existing studies) are however likely to affect model predictions significantly.
Stokes V data were collected in 2007, covering only about half the rotation cycle of GJ 182 (see Table 6 ); Stokes V signatures are detected in all spectra and longitudinal field vary from -90 G to 20 G with rotation phase. The RV we measure (19.35 ± 0.10 km s −1 , with an internal dispersion of 0.18 km s −1 ) varies with rotational phase and correlate well with longitudinal field values; although the statistics is moderately significant (only 7 data points available), it suggests that the RV fluctuations we detect (full amplitude of about 0.4 km s −1 ) are related to surface magnetic activity. Spectral lines are significantly broadened by rotation; modelling Stokes I LSD profiles yield v sin i = 10 ± 1 km s −1 . Photometric modulation indicates a rotation period of about 4.4 d (Kiraga & Stepien 2007) , suggesting that the star is viewed equator-on rather than pole-on; we therefore set the inclination angle at i = 60
• . The solid-body-rotation period providing the best fit to the data is equal to 4.35 d, slightly smaller than the photometric period of 4.41 d measured by Kiraga & Stepien (2007) ; we used our estimate to phase all spectra, and take this as a likely indication that GJ 182 is a differential rotator. Despite the small number of spectra and the limited phase coverage, fitting our Stokes V data down to χ 2 ν = 1 suggests that GJ 182 is indeed not rotating as a solid body. Using the procedure described in Sec. 3, we obtain that Ωeq = 1.46 ± 0.01 rad d −1 and dΩ = 0.06 ± 0.03 rad d −1 ; the corresponding rotation periods at the equator and the pole are respectively equal to 4.30 d and 4.49 d (bracketing both our rotation period and that of Kiraga & Stepien 2007) . Solid-body rotation is excluded at the 2σ level; more data are needed to confirm this with better precision.
The optimal maximum entropy fit to the Stokes V data that we obtain (including the effect of differential rotation) is shown in Fig. 10 and corresponds to χ 2 ν = 1, i.e., to a χ 2 ν Figure 11 . Same as Fig. 3 for GJ 182. improvement over a non-magnetic model of ×22. The reconstructed magnetic map is shown in Fig. 11 . The magnetic field is dominantly toroidal, and the poloidal component is mostly non-axisymmetric (see Table 8 ).
GJ 4= HIP 4872
GJ 49 is a single M1.5 dwarf with sharp spectral lines and relatively low activity; it is the least active star of our sample (see Table 1 ). The Hipparcos distance is equal to 10.06 ± 0.14 pc. No rotation periods are found in the literature; the RV is reported to be −5.97 ± 0.10 (Nidever et al. 2002) . Using the mass-luminosity relations of Delfosse et al. (2000), we estimate a mass of 0.57 ± 0.02 M⊙.
Stokes V data were collected in 2007, covering the whole rotation cycle of GJ 49 (see Table 7 ); Stokes V signatures are detected in all spectra, with longitudinal fields ranging from -30 G to 0 G across the cycle. The RV we measure (−6.02 ± 0.10 km s −1 , with an internal dispersion of 0.02 km s −1 ) is in good agreement with that of Nidever et al. (2002) . Modelling Stokes I LSD profiles indicates that the rotational broadening is very small; we thus set v sin i = 1 km s −1 . We determine the rotation period by selecting the one with which the Stokes V profiles can be fitted at χ 2 ν = 1 with smallest magnetic energy in the reconstructed image; we find that Prot = 18.6 ± 0.3 d; we also find that an intermediate inclination angle (i ≃ 45
• ) minimises the amount of reconstructed magnetic information. We find that the data are compatible with solid-body rotation, but the accuracy to which we measure dΩ (error bar ≃ 0.05 rad d −1 ) is not high enough to know whether GJ 49 also hosts differential rotation similar to that found on the other sample stars.
The fit to the Stokes V data that we obtain is shown in Fig. 12 and corresponds to a χ 2 ν improvement over a nonmagnetic model of ×11. The reconstructed magnetic map is shown in Fig. 13 . The poloidal and toroidal field components roughly share the same amount of energy, with the poloidal field being mainly dipolar and axisymmetric (see Table 8 ).
SUMMARY AND DISCUSSION
We report in this paper the results of our spectroscopic survey of M dwarfs; following M08 (concentrating on mid-M dwarfs), we describe here the Zeeman signatures and the large-scale magnetic topologies we observed on 6 early-M dwarfs (from M0 to M3). We also determined or confirmed the rotation period of all stars (ranging from 2.8 to 18.6 d), and detected significant surface differential rotation in 4 of them (with a strength comparable to that of the Sun).
The magnetic fields we detect in early-M dwarfs are weak (typically a few tens of G), smaller in particular than those found in mid-M dwarfs (M08) by typically a factor of 5 (see Fig. 14) with a sharp transition occuring at 0.4 M⊙ (see Fig. 15, left panel) . The large-scale magnetic topologies we derive are also significantly different, involving a much larger fraction of toroidal fields and a lower axisymmetric degree of poloidal fields whenever M⋆ > 0.5 M⊙ (5 stars in the present sample); below 0.5 M⊙, the poloidal field is largely dominant and axisymmetric and its strength is increasing rapidly as mass decreases. We also observe that the typical lifetime of the large-scale magnetic topology is very different on both sides of the 0.4-0.5 M⊙ threshold, with lifetimes smaller than a few months on the hot side and longer than 1 yr on the cool side (M08). This threshold is very sharp and well defined, with little apparent dependence with the rotation period.
At this stage, it is interesting to consider the effective Rossby number Ro, defined as Ro = Prot/τc where τc is the convective turnover time 1 ; in particular, Ro is a convenient parameter for comparing the strength of dynamo action (and, e.g., log RX that indirectly reflects dynamo action through coronal heating) in stars with different masses. Figure 15 (right panel) illustrates how log RX smoothly varies 1 The τc values that we use here are those of Kiraga & Stepien (2007) , determined empirically from relative X-ray luminosities of stars with different masses and rotation periods. At masses of ≃ 1 M ⊙ , they match the usual value of ≃ 15 d; they steeply increase with decreasing mass below masses of ≃ 0.6 M ⊙ .
with Ro for both early-and mid-M dwarfs studied here and in M08; we find that log RX increases steeply with decreasing Ro until Ro ≃ 0.1 where log RX saturates at a level of about -3.0, in good agreement with previous studies (e.g., James et al. 2000) . Only GJ 182 (at Ro = 0.17) lies slightly above the overall trend, as a likely consequence of its extreme youth and the related differences in its internal structure.
We note that the abrupt step in the large-scale magnetic energy between early-and mid-M dwarfs (see Fig. 15 , left panel) apparently correlates better with stellar mass than with Ro; at Ro = 0.05, AD Leo exhibits a magnetic flux compatible with that of all other early M dwarfs, but significantly weaker than that of EV Lac (at Ro = 0.07) and YZ CMi (at Ro = 0.04). More data are needed to confirm this point, especially for high-mass rapid rotators (i.e., having Ro ≃ 0.01 and M⋆ > 0.5 M⊙) and low-mass slow rotators (with Ro > 0.1 and M⋆ < 0.4 M⊙). We also note that this abrupt step does not show up in the log RX vs Ro plot of Fig. 15 (right panel) ; this is presumably because Xrays are sensitive to overall magnetic energies while we are only sensitive to the largest scales. Our result therefore suggests that, at some specific stellar mass (≃ 0.4 M⊙, rather than at some specific Ro), dynamo processes become suddenly much more efficient at triggering large-scale magnetic fields; we also observe that, at more or less the same mass (≃ 0.5 M⊙), large-scale topologies of M dwarfs become dominantly poloidal and axisymmetric. Note however that, even in the case of mid-M dwarfs, the large-scale fields we derive are significantly smaller than the corresponding equipartition field (a few kG, M08).
Significant surface toroidal fields are detected even in DS Leo and GJ 49, i.e., the two slowest rotators with masses larger than 0.5 M⊙; it suggests that the transition between mainly poloidal and mainly toroidal fields in M⋆ > 0.5 M⊙ stars occurs at Ro ≃ 0.5 − 1.0, with the Sun located on the other side of this boundary (at Ro ≃ 1.5 − 2.0). Note that this boundary coincides with the sharp onset of photometric variability in convective stars (occuring below Ro ≃ 0.7, Hall 1991). With a poloidal field concentrating 70-80% of the reconstructed magnetic energy, OT Ser is off this trend; we suspect that this is due to its proximity with the 0.5 M⊙ sharp threshold below which magnetic topologies become dominantly poloidal.
Early-M dwarfs are found to show significant differential rotation; the values we obtain for the surface angular rotation shear dΩ ranges from 0.06 to 0.12 rad d −1 , i.e., from once to twice the strength of the surface latitudinal shear of Figure 14 . Basic properties of the large-scale magnetic properties of early-and mid-M dwarfs as a function of stellar mass and rotation period. Symbols size indicates magnetic energies, symbol colour illustrates the field configuration (blue and red for purely toroidal and purely poloidal fields respectively) while symbol shape depicts the degree of axisymmetry of the poloidal field component (decagon and stars for a purely axisymmetric and purely non-axisymmetric poloidal fields respectively). Results for early-M stars are from this paper and results for mid-M stars are from M08. The full, dashed and dash-dot lines respectively trace the location of the Ro = 1, 0.1 and 0.01 contours, while the dotted line shows the theoretical full-convection threshold (M⋆ ≃ 0.35 M ⊙ ). Figure 15 . Reconstructed magnetic energy (left) and relative X-ray luminosity (with respect to the bolometric luminosity, right) as a function of Ro for stars studied in this paper and in M08. Stars with masses larger and smaller than 0.4 M ⊙ are shown as green squares and red circles respectively. In the left panel, measurements at different epochs (whenever available) are shown for each star to illustrate the typical scatter expected from temporal variability.
the Sun. Our detection is further confirmed by the small (but significant) differences between the rotation periods we measure and the values reported in the literature (derived from photometric fluctuations) and by the short lifetimes of the large-scale field topologies (quickly distorted beyond recognition by differential rotation). Previous Doppler imaging studies of early-M dwarfs with very fast rotation (Ro ≃ 0.01) report that differential rotation is very small (Barnes et al. 2005) ; our study suggests that the situation may significantly differ in moderate rotators like those we considered. Our result is also different from what is observed in mid-M dwarfs where differential rotation is very small (a few mrad d −1 at most, i.e., more than 10 times smaller than that of early-M dwarfs, M08) and large-scale magnetic Table 8 . Properties of the large-scale field topologies derived in the present study. For each star, observations at different epochs are listed separately. The table lists sequentially the name of the star, the mass, the rotation period, the effective Rossby number and the logarithmic relative X-ray luminosity (taken from Table 1), the surface angular rotation shear between the equator and pole dΩ (whenever detected), the derived filling factor f (whenever applicable), the reconstructed magnetic energy and flux (i.e., < B 2 > and < B >), and the fractional energies in the poloidal field, the poloidal dipole (ℓ = 1) modes, the poloidal quadrupole (ℓ = 2) modes, the poloidal octupole (ℓ = 3) modes, and the poloidal axisymmetric (m < ℓ/2) modes. All field components with ℓ ≤ 3 are required to fit the data at noise level. The sharp transition that we report between the magnetic (and differential rotation) properties of early-and mid-M dwarfs is surprising at first glance; naively, one would expect the properties of large-scale magnetic fields to change smoothly with stellar mass as the radiative core gets progressively smaller. From the evolutionary models of Siess et al. (2000) , we however note that the outer radius of the radiative core of early-M dwarfs is changing very quickly with stellar mass, from about 0.5 R⋆ for a 0.5 M⊙ star to a negligible fraction for a 0.4 M⊙ star. We speculate that this sharp transition is the main reason for the abrupt magnetic threshold that we report here. The rapid increase in empirical convective turnover times occuring at about the same location (Kiraga & Stepien 2007) also likely contributes at making the transition between both dynamo regimes very sharp.
The most recent dynamo simulations of fully convective M dwarfs (Browning 2008 ) (carried out for Ro ≃ 0.01) are successful at reproducing the frozen differential rotation that we observe (M08); they however predict the presence of strong toroidal fields that we do not see in mid-M dwarfs with similar Ro. We speculate that the abrupt change in the large-scale magnetic topology of M dwarfs that we report here to occur at spectral type M3 may also be (at least partly) responsible for the reduced magnetic braking observed for stars later than M3 (e.g., Delfosse et al. 1998) ; MHD simulations of magnetic winds are necessary to estimate quantitatively whether the observed change in the large-scale magnetic topology can indeed explain the longer spin-down timescales.
In the two stars having v sin i measured with sufficient precision (i.e., v sin i ≥ 10, GJ 182 and DT Vir), we find that R⋆ sin i (equal to 0.86 ± 0.09 R⊙ and 0.62 ± 0.06 R⊙ respectively) is already larger than the predicted radius from theoretical models (Baraffe et al. 1998) ; while this could result from overestimating the true age (and hence underestimating the true radius) of GJ 182, this explanation does not apply for DT Vir, for which we conclude that the observed radius is truly larger (by at least 10% and potentially as much as 30%) that what theoretical models predict. A similar conclusion is reached for V374 Peg (Donati et al. 2006a; Morin et al. 2008a) ; furthermore, M08 obtains that R⋆ sin i is equal to the predicted theoretical radius (within the error bars) for 4 other active stars, suggesting again that R⋆ is larger than expected. Following Chabrier et al. (2007) , we propose that this effect is a direct consequence of magnetic fields getting strong enough (and hence saturating the dynamo, see Fig. 15 ) to affect the energy transport throughout the convective zone and hence the radius. Our results therefore independently confirm the report that cool low-mass active stars, either single (Morales et al. 2008) or within close eclipsing binaries (Ribas 2006) , usually have oversized radii with respect to inactive stars of similar spectral types.
We also detect significant RV fluctuations (with a full amplitude of up to 0.40 km s −1 ) in the 3 very active stars of our sample (with rotation periods smaller than 5 d). For the most active ones (DT Vir and GJ 182, showing the largest RV modulation), the RV variations correlate reasonably well (though not perfectly) with longitudinal fields, suggesting that the origin of the variations is indeed the magnetic field (and the underlying activity). It also suggests that spectropolarimetric observations should be carried out simultaneously with RV measurements of active stars to enable filtering out efficiently the activity jitter from the RV signal; this technique may prove especially useful when looking at Earth-like habitable planets orbiting around M dwarfs in the future, e.g., with a nIR spectropolarimeter such as SPIRou (a nIR counterpart of ESPaDOnS, proposed for CFHT).
Our spectropolarimetric survey is an on-going study; we are now concentrating on late-M dwarfs (M5-M8) to derive similar observational constraints about the large-scale magnetic topologies of stars in the yet unexplored 0.08-0.20 M⊙ region of Fig. 14 to investigate how dynamo processes operate down to the brown dwarf threshold, i.e., when stellar atmospheres get so cool that they start to decouple from their magnetic fields.
